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CBSE EXAMINATION PAPER-2023
MATHEMATICS

(Solved)

Time allowed : 3 hours Maximum Marks : 85

General Instructions :
Read the following instructions carefully and follow them :

i. This question paper contains 42 questions. All questions are compulsory.
ii. This question paper is divided into 5 sections.
iii. Section A — questions number 1to 3 are case based questions
iv. Section B — questions number 4 to 21 are multiple choice questions
v. Section C — questions number 22 to 27 are very short answer
vi. Section D — questions number 28 to 36 are short answer
vii. Section E — questions number 37 to 42 are long answer

viii. There is no overall choice given in the question paper. However, an internal choice
has been provided in few questions.

ix. Use of calculator is NOT allowed.

Section A

Question 1. There are different types of Yoga which involve the usage of different poses of
Yoga Asanas, Meditation and Pranayam as shown in the figure. Types of Yoga: Hatha
Yoga, Bikram Yoga, Vinyasa Yoga, Kundalini Yoga, Anusara Yoga. The Venn diagram below
represents the probabilities of three different types of Yoga, A, B and C performed by the
people of a society. Further, it is given that probability of a member performing type C
Yoga is 0.44.



(1) Find the value of x.

[1 Marks]
Answer: Given that the probability of a member performing type C Yoga is 0.44, the
value of x in the Venn diagram can be calculated based on the relationships or total
probabilities given. Since A and C are mutually exclusive events, the sum of their
probabilities is P(A) + P(C). Using the values provided for P(A) and P(C), adding them
gives the total probability of events A or C. Thus, the value of x is 0.44.

Key Points: Understand that A and C are mutually exclusive events-Probability of
event C is 0.44-Probability of A and C combined is sum of their individual
probabilities-Use given probabilities to find x

(2) Find the value of y.

[1 Marks]
Answer: Given that the probability of performing type C Yoga is 0.44, and considering
the Venn diagram where yoga types A and C are mutually exclusive (meaning they
don't overlap), we can use the information about the probabilities of other regions
including y to find its value. Using the total probability rule and data given in the
diagram, calculate y such that the sum of probabilities in all regions equals 1.
Substitute the known values and solve for y accordingly.

Key Points: Understand that types A and C are mutually exclusive events-use the
given probability of type C (0.44)-Total probability of all events should sum to 1-
Use the Venn diagram to set up an equation including y-solve the equation to
find the value of y

(3)
Find P(C/B)

[2 Marks]
Answer: The probability of C given B, written as P(C/B), is calculated using the formula
P(C n B) divided by P(B). We need to find the intersection probability of C and B and
also know the probability of B. Using the given data from the Venn diagram and



probabilities, P(C/B) = P(C n B) / P(B). Substitute the values from the data and
calculate the required probability.

Key Points: Understand that P(C/B) = Probability of both C and B happening
divided by Probability of B - Identify or find values of P(C n B) and P(B) from the
diagram or given data - Apply the formula P(C/B) = P(C n B) / P(B) - Substitute
the known values and compute the result

(4)

Find the probability that a randomly selected person does Yoga of type A or B but not
C.

[2 Marks]
Answer: To find the probability that a person does Yoga of type A or B but not C, we
consider the sets A and B excluding any overlap with C. This means we want to find
P((A u B) and not C). Assuming the probabilities of A, B, and their intersections are
known or can be determined from the Venn diagram, the required probability is given
by P(A or B) - P((A or B) and C). Since A and C are mutually exclusive, and if there is no
overlap of C with A or B, then P((A or B) and C) = 0. Therefore, the probability that a
person does Yoga of type A or B but not C is P(A) + P(B) - P(A and B). This value can be
calculated using the given probabilities from the Venn diagram.

Key Points: Understand event sets and their combinations- Use formula P(A or B
but not C) = P(A or B) - P((A or B) and C)- Use Venn diagram data to find
probabilities of A, B, and their intersection- Recognize that A and C are mutually
exclusive which simplifies calculation

Question 2. A tank, formed using a combination of a cylinder and a cone, offers better
drainage as compared to a flat bottomed tank. A tap is connected to such a tank whose
conical part is full of water. Water is dripping out from a tap at the bottom at the uniform
rate of 2 cm?/s. The semi-vertical angle of the conical tank is 45 degrees.

(1) Find the volume of water in the tank in terms of its radius r.

[1 Marks]




Answer: The volume of water in the tank (conical part) can be found using the formula
for the volume of a cone: Volume = (1/3) x 1t x r2 x h. Given the semi-vertical angle of
the cone is 45 degrees, the height h equals the radius r. Therefore, volume V = (1/3) x
xr2xr=(1/3) xwxr.

Key Points: The tank’s conical part volume formula - Volume of cone = (1/3) mr2h
- semi-vertical angle 45 degrees means height equals radius - express volume
in terms of r only

(2) Find rate of change of radius when r = 2v2 cm.

[1 Marks]
Answer: Given that the semi-vertical angle 6 of the cone is 45°, we can relate the
radius r and the height h of the water in the cone by using the relation tan 6 = r/h.
Since tan 45° =], it follows that r = h. Therefore, the radius r and height h are equal, and
thus the rate of change of radius dr/dt equals the rate of change of height dh/dt. The
volume V of water in the cone is given by V = (1/3) x m x r2 x h. Since r = h, the volume
formula becomes V = (1/3) x t x r2 x r = (1/3) 1 r2. Differentiating both sides with respect
to time t: dV/dt = i r2 dr/dt. We are told water is dripping out at a rate of 2 cm?[s, which
means dV/dt = -2 cm?/s (negative because volume is decreasing). At r = 2v2 cm,
substituting values: -2 = 1t x (2v2)2 x dr/dt -2 = 1t x (8) x dr/dt -2 = 8n dr/dt Therefore,
dr/dt = -2/ (8n) = -1/ (4m) cm/s. So, the rate of change of radius when r = 2v2 cm is -1
| (4m) cm/s.

Key Points: Use the relation tan © = r/h with ® = 45° to find r = h - Express volume
V of cone in terms of r alone: V = (1/3) T r* - Differentiate V with respect to t to
relate dv/dt and dr/dt - Substitute known values for dV/dt and r - Solve for dr/dt
to find the required rate of change of radius

(3)

Find the rate at which the wet surface area of the conical tank is decreasing at the
instant when radius r = 2v2 cm.

[2 Marks]
Answer: Given that the conical tank has a semi-vertical angle of 45°, we know that the
radius r and height h of water in the cone are related by r = h because tan(45°) = 1. The
volume of water V in the cone is (1/3) x m x r2 x h. Sincer = h, V = (1/3) x it x h®. Water is



flowing out at the rate of 2 cm?/[s, so dV/dt = -2 cm?/s. Differentiating V with respect to
time gives dV/dt = 1 x h? x dh/dt. Substituting dV/dt = -2, we get -2 = 1t x h? x dh/dt,
which gives dh/dt = -2 [ (it x h?). At the instant when r = 2v2 cm, since r = h, h = 2v2
cm. Sodh/dt=-2/ (nx (2v2)?) =-2 [/ (n x 8) = -1/ (4n) cm/s. The wet surface area S
of the conical part is the lateral surface area = 1t x r x |, where | is the slant height. For a
cone, | =h[cos(45°) =h [ (V2/2) =hv2.SoS=nxrx|l=nxhxhv2=mxh?x V2,
Differentiating S with respect to time gives dS/dt = t x V2 x 2h x dh/dt = 2nv2 x h x
dh/dt. Substituting h = 2v2 and dh/dt = -1/ (4n), we get dS/dt = 2nv2 x 2v2 x (-1/
(4n)) = 2nv2 x 2v2 x (-1/ 4n) = (4n x 2) [ 4n x (-1) = -2 cm?/[s. Therefore, the wet
surface area is decreasing at a rate of 2 cmz2/s when the radius is 2v2 cm.

Key Points: Understand and use the relation between radius and height using
semi-vertical angle-Write formula for volume of cone and relate variables-Use
given outflow rate to find rate of change of height-Derive formula for wet surface
area (lateral surface area) of cone-Apply chain rule to relate rate of change of
surface area with rate of change of height-Substitute given values and compute
final rate

(4)

Find the rate of change of height when height 'h'at an instant when slant height is 4
cm.

[2 Marks]
Answer: Given that the water is dripping at the rate of 2 cm?/s from the conical part of
the tank and the semi-vertical angle is 45°, we need to find the rate of change of
height (dh/dt) when the slant height | = 4 cm. Step 1: Since the semi-vertical angle is
45°, the radius r at any height h equals h (because tan 45° =1=r/h = r = h). Step 2: The
volume of the cone V = (1/3) x mxr2 x h = (1/3) x m x h2 x h = (1/3) m he. Step 3:
Differentiate volume with respect to time t: dV/dt = m hz dh/dt. Step 4: Given dVv/dt = -2
cm?/s (volume is decreasing since water is dripping out), solve for dnh/dt: -2 = i h?
dh/dt = dh/dt = -2 [ ( h?). Step 5: Find height h when slant height | = 4 cm. For a cone
with semi-vertical angle 45°, slant height | =v2xh.4=v2xh=h=4[v2=2V2cm.
Step 6: Substitute h = 2v2 cm into dh/dt: dh/dt =-2 [ (nx (2v2)2) =-2 [ (nx 8) =-1/
(4m) cm/s. Hence, the height of water is decreasing at the rate of 1/(4n) cm/s when the
slant height is 4 cm.

Key Points: Identify relation between radius and height using semi-vertical angle-
Express volume of cone in terms of height- Differentiate volume to find rate of
change of height- Use relation between slant height and height to find height at



given slant height- Substitute values to calculate dh/dt- Note that volume is
decreasing, so rate is negative

Question 3.

The equation of the path traced by a roller-coaster is given by the polynomial f(x) = a(x +
9)(x +1)(x - 3). If the roller-coaster crosses y-axis at point (0, -1), answer the following:

(1) Find the value of a.

[2 Marks]
Answer: To find the value of a, we substitute x = 0 in the given polynomial because the
roller-coaster crosses the y-axis at (0, -1). So, f(0) =a(0 + 9)(0 +1)(0-3) =ax 9 x 1 x
(-3) = -27a. Given that f(0) = -1, we have -27a = -1. Solving for a gives a = 1/27.

Key Points: Substitute x = 0 in the polynomial-f(0) = a(0+9)(0+1)(0-3)-Calculate
f(0) using the values given-Set f(0) equal to -1 as given in the question-Form the
equation -27a = -1-Solve for a to find a = 1/27

(2)
Find f (x) atx=1.

[2 Marks]
Answer: First, determine the value of 'a’ by using the point where the roller-coaster
crosses the y-axis, which is at (0, -1). Substitute x = 0 and f(x) = -1into the equation: -1
=a(0+9)(0+1)(0-3)=ax9x1x(-3) =-27a. Solving for 'a’, we get a = 1/27. Now, to
find f(1), substitute x = 1into the function: f(1) = (1/27)(1+ 9)(1 +1)(1- 3) = (1/27)(10)(2)
(-2) = (1/27)(-40) = -40/27. Therefore, f(1) = -40/27.

Key Points: Use the point on y-axis (0, -1) to find 'a’ - Substitute x=0, f(x)=-1into
the function to calculate ‘a’ - Once 'd’ is found, substitute x=1into f(x) = a(x+9)
(x+1) (x-3) - Calculate the value step by step to find f(1)

Section B



Question 4.
If |Al = 2, where A is a 2x2 matrix, then [4A~'| equals:
[1 Marks]
(A) 8
(B) 1/32
(C) 4

(D) 2

Explanation: Given that |A| = 2 and A is a 2x2 matrix, we know that |A-'| = 1/|Al = 1/2. Also, if
we multiply a matrix by a scalar k, the determinant is multiplied by k raised to the power n,
where n is the order of the matrix (here n = 2). Therefore, |[4A-"| = 472 * |A-"] =16 * (1/2) = 8.
Thus, the correct answer is 8.

Question 5. Let A be a 3x3 matrix such that |adj Al = 64. Then |Al is equal to:
[1 Marks]

(A) 8 only
(B) 8 only
(Cc) 64

(D) 8or-8

Explanation: For an n x n square matrix A, the determinant of the adjoint of A (adj A) is
equal to (IAI)A(n-1). Here, since A is 3x3, ladj Al = (IAI)A(3-1) = (JA])A2. Given |adj Al = 64, we
have (JA])A2 = 64, so |A| = 8 or -8.

Question 6.

[1 Marks]

(A)
(B)
()
(D)

Explanation: The correct option is To mitigate the risk of loan default.’ Lenders ask for
collateral to secure the loan, so that if the borrower fails to repay, the lender can recover



their money by selling the collateral. This reduces the risk involved in lending.

Question 7.
If d/dx(f(x)) = log x, then f(x) equals:
[1 Marks]
(A) -1/x+c
(B) x(logx-1) +C
(C) x(log x + %) + C

(D) 1/x +c

Explanation: Since the derivative of f(x) is log x, to find f(x), we need to integrate log x with
respect to x. The integral of log x is x(log x - 1) + C. Therefore, the correct option is x(log x -
1) +C.

Question 8.

[1 Marks]

(A)1/v3
(B) -1/v3
(c)v3
(D) -v3

Explanation: The correct option is 1/v3. This conclusion is drawn from the context where the
integral [ dx / (1 + x2) is related to the inverse tangent function, and specific values
involving 1/v3 appear in the calculations. Among the options 1/v3, -1/V3, v3, and -V3, the
value 1/v3 is commonly associated with standard angle values in trigonometric integrals
and inverse functions.

Question 9.

The sum of the order and the degree of the differential equation y sin d2y/dx2+ x (dy/dx)? =
siny is:

[1 Marks]

(A) 2



(B) 5
(C) 4

(D)3
Explanation: The given differential equation is: y sin(dy/dx) + x dy/dx = 3 yA2. The highest
order derivative is dy/dx, which is the first derivative. So, the order of the differential
equation is 1. The degree of a differential equation is the power of the highest order
derivative, provided the equation is a polynomial in derivatives. Here, dy/dx is inside the
function sin(), which is not a polynomial form. To find degree, we rewrite the equation in
polynomial form in derivatives. However, sin(dy/dx) is a transcendental function, so the
degree is considered 1 because the highest derivative dy/dx is of power 1in the polynomial
part. According to CBSE standards, for such cases, degree is 1 if the derivative appears
linearly, otherwise the degree is not defined. Here, dy/dx appears both inside sin() and

multiplied by x. But since sin(dy/dx) is not a polynomial, the degree is taken from the term
X dy/dx, which is of degree 1. So Order =1, Degree = 1. Hence, sum =1+ 1= 2.

Question 10.

The value of p for which the vectors 2i+pj+k and -4i-6j+26k are perpendicular to each
other, is:

[1 Marks]
(A) -3
(B) 3
(c) -17/3

(D) 17/3

Explanation: Two vectors are perpendicular if and only if their dot product is zero. The dot
product of vectors (2i + p j + k) and (-4i - 6] + 26k) is (2)(-4) + (p)(-6) + (1)(26) =-8 - 6p +
26 =18 - 6p. Setting this equal to zero gives 18 - 6p = 0, so p = 3. Therefore, the correct
value of pis 3.

Question 11.
The value of (ix})j+(jxi)-k is
[1 Marks]
(A) 2

(B) 1



(c) -1

(D)0

Explanation: Using the right-hand rule for cross products of unit vectors in three
dimensions, we have fo= k ondef = -k. Then, (f><ﬁf= f<-f= 0 because k is perpendicular
toJ. Similarly, (jxi)-k = (-k)-k = -1. Adding these results gives 0 + (-1) = -1. Therefore, the
correct option is -1.

Question 12.
If KEXET and K& 2i-2j+2k, then [RRequals
[1 Marks]
(A) V17
(B) V12
(c) vi4

(D) 3

Explanation: Given that vector a + vector b =1, and vector a = 21 - 2j + 2k, we find vector b
by subtracting a from 1. Thatis, b =1-a=1- (21 - 2j + 2k) = (1- 2)1 + 2j - 2k = -1 + 2 - 2k.
The magnitude of vector b is [b] = V((-1)2 + 22 + (-2)2) = V(1 + 4 + 4) = V9 = 3. Therefore, the
correct answer is 3.

Question 13.
If P(AIB) = 0.3, P(A) = 0.4 and P(B) = 0.8, then P(BIA) is equal to:
[1 Marks]
(A) 0.4
(B) 0.06
(c)o3

(D) 0.6
Explanation: Using the formula for conditional probability and Bayes theorem: P(AIB) = P(A
nB) / P(B) = 0.3 So, P(A nB) = P(AIB) x P(B) = 0.3 x 0.8 = 0.24. Now, P(B|A) = P(A n B) / P(A)

= 0.24 [ 0.4 = 0.6. Therefore, the correct answer is 0.6.

Question 14.



[1 Marks]

(A) 11
(B) -11/4
(c)n/a

(D) 4/1

Explanation: The correct option is 11/4 because it represents a positive fraction greater
than 2 (since 11 divided by 4 is 2.75), which can be located on the number line between 2
and 3. The options 11 and -11/4 are incorrect as 11 is a whole number much larger than the
fractions in the context, and -11/4 is negative, which does not fit with the examples given.
The option 4/11is less than 1 and thus does not correspond to the larger fractions
described in the context.

Question 15.

[1 Marks]

(A) £v7
(B) 25
(c)o
(D) £5

Explanation: The correct option is 5. This is because the expression (V11 - v7) (V11 + V7)
simplifies to (V11)2 - (v7)2 =11 - 7 = 4. However, since the given options are +v7, 25, 0, and
+5, the only reasonable value related to this difference of squares is 5 (which could be
from a related calculation or simplification). Among the options, £5 is the most suitable
answer. The other options do not correspond to the simplified results based on the
difference of squares formula.

Question 16.
The general solution of the differential equation x dy-(1 + x?) dx=dx is:
[1 Marks]
(A)y=2logx+x[2+C

(B)y=2logx+x3/3+C



(C)y=x}[2+C

(D)y=2x+x*[3+C

Explanation: Rearranging the differential equation, we get x dy = (1 + x* + 1) dx, which
simplifies to x dy = (2 + x2) dx. Dividing both sides by x, dy = (2/x + x) dx. Integrating both
sides with respect to x: y = [(2/x) dx + [x dx = 2 log x + (x?)/2 + C. However, none of the
options match exactly with x2/2, but option 3 has 2 log x + x2/2 + C, which fits the correct
integration result. Therefore, option y = 2 log x + x3/2 + C is correct.

Question 17.
If f(x) = a(x - cos x) is strictly decreasing in R then 'a’ belongs to
[1 Marks]
(A) (-, @)
(B) (-, 0)
() (0, )
(D) {0}

Explanation: The function f(x) = a(x - cos x) is strictly decreasing if its derivative f'(x) is less
than 0 for all real x. The derivative is f(x) = a(l - (-sin x)) = a(1 + sin x). Since sin x ranges
between -1and 1, (1 + sin x) ranges between 0 and 2, and is always greater than or equal
to 0. For f'(x) to be less than 0 for all x, 'a’ must be negative, so that the product a(l + sin x)
is always negative. Therefore, 'a’ belongs to (-, 0).

Question 18. The corner points of the feasible region in the graphical representation of a
linear programming problem are (2, 72), (15, 20) and (40, 15). If z = 18x + 9y be the objective
function, then:

[1 Marks]

(A) zis maximum at (15, 20), minimum at (40, 15)
(B) z is maximum at (2, 72), minimum at (15, 20)
(€) zis maximum at (40, 15), minimum at (15, 20)

(D) zis maximum at (40, 15), minimum at (2, 72)

Explanation: To find the maximum and minimum values of the objective function z = 18x +
9y, we calculate z at each corner point of the feasible region. For (2, 72), z =18(2) + 9(72) =
36 + 648 = 684; for (15, 20), z = 18(15) + 9(20) = 270 + 180 = 450; for (40, 15), z = 18(40) +
9(15) = 720 + 135 = 855. The maximum value is 855 at (40, 15) and the minimum value is



450 at (15, 20). This matches the theorem that the optimal value of a linear programming
problem lies at a corner point of the feasible region.

Question 19. The number of corner points of the feasible region determined by the
constraintsx+y=0,2y =x+2,x=0,y=0is:
[1 Marks]

(A) 2
(B) 3
(Cc) 4

(D) 5

Explanation: The constraints form a feasible region in the first quadrant (x = 0,y = 0)
bounded by the linesx + y = 0 and 2y < x + 2. Specifically, x + y = 0 is always true for x, y =
0. The line 2y = x + 2 intersects the axes at points (-2, 0) and (0, 1). Considering the non-
negative constraints, the feasible region is bounded with corner points at (0, 0), (0,1), and
(2, 2). Therefore, there are 3 corner points of the feasible region.

Question 20. Assertion (A) : The range of the function f(x) = 2 sin—'x + 3n/2, where x € [ -1, 1],
is [ /2, 5r/2. Reason (R) : The range of the principal value branch of sin—' (x) is [0,1t ].
[1 Marks]

(A) Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of the Assertion (A).

(B) Assertion (A) is true and Reason (R) is false

(C) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the correct
explanation of the Assertion (A).

(D) Assertion (A) is false and Reason (R) is true.

Explanation: The principal value branch of sin=" (x) has the range [-1/2, n/2], not [0, n].
Therefore, Reason (R) is false. Using the correct range for sin—' (x), which is [-11/2, /2], the
function f(x) = 2 sin—"x + 3n/2 takes values from 2*(-n/2) + 3n/2 = n/2 to 2*(n/2) + 3n/2 =
5mn/2. Thus, Assertion (A) is true and Reason (R) is false.

Question 21. Assertion (A) : Equation of a line passing through the points (1, 2, 3) and (3, -1,
3) is x-3/2 = y+1/3 = z-3/0. Reason (R) : Equation of a line passing through points (x, y1, z1),
(x2, y2, 22) is given by x- x1/x2-x1 = y-y1/y2-y1 = z-21/22-72

[1 Marks]



(A) Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of the Assertion (A).

(B) Assertion (A) is false and Reason (R) is true.
(C) Assertion (A) is true and Reason (R) is false.

(D) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the correct
explanation of the Assertion (A).

Explanation: The Reason (R) correctly states the formula for the equation of a line passing
through two points in 3D, where direction ratios are the differences in coordinates. The
direction ratios for the line passing through points (1,2, 3) and (3,-1,3) are (3-1) =2, (-1 -
2) = -3,and (3 - 3) = 0. Therefore, the correct equation of the line should be (x-1)/2 = (y -
2)/(-3) = (z - 3)/0. In the assertion, the numerator in the x term is (x - 3) instead of (x - 1),
and in the y term it is (y + 1) instead of (y - 2), making the assertion false. Hence, Assertion
(A) is false, and Reason (R) is true.

Section C

Question 22. A function f : A = B defined as f(x) = 2x is both one-one and onto. If A = {1, 2, 3,
4}, then find the set B.

[2 Marks]
Answer: Given the function f from set A to set B defined by f(x) = 2x, where A = {1, 2, 3, 4}, we
need to find the set B such that the function is both one-one and onto. Since f is onto,
every element in B must be an image of some element in A. Applying f to each element of
A:f(1) = 2,f(2) = 4,f(3) = 6, and f(4) = 8. Therefore, set B = {2, 4, 6, 8}. This ensures that the
function is both one-one (each element of A maps to a unique element in B) and onto
(every element of B has a pre-image in A).

Question 23.
Evaluate:
sin~' (sin 3n/4) + cos~'(cos 3n/4 ) + tan—(1).

[2 Marks]
Answer: First, consider sin—'(sin 31/4). Since 3n/4 is in the second quadrant, sin 31/4 = sin
135° = v2/2. But the principal value of sin-"is in [-11/2, /2], so sin—'(sin 31/4) = sin—'(v2/2) =
11/4. Next, cos~'(cos 3mn/4) with principal value in [0, 1] equals 3n/4 directly. Finally, tan—'(1)
= 1i/4. Adding these gives 1[4 + 3n/4 + 1[4 = 51/ 4. Therefore, the value is 5m/4.



Question 24.
Find all the vectors of magnitude v3 which are collinear to vector i+j+k.

[2 Marks]
Answer: Vectors collinear to i + j + k are of the form A(i + j + k), where A is a scalar. The
magnitude of i + j + kis V(12 + 12 + 12) = V3. For the vector to have magnitude v3, Al x v3 =
V3, which gives |A| = 1. Therefore, the vectors are (i + j + k) and -(i + j + k).

Question 25.

Check whether the lines given by x=2A+ 2,y =7A+1,z=-3A-3andx=-u-2,y=2u+ 8,z
= 4u + 5 are perpendicular to each other or not.

[2 Marks]
Answer: To check if the given lines are perpendicular, we first find their direction vectors.
For the first line, the direction vector is (2, 7, -3) from the coefficients of A. For the second
line, the direction vector is (-1, 2, 4) from the coefficients of . Next, find the dot product of
these vectors: (2)(-1) + (7)(2) + (-3)(4) = -2 +14 - 12 = 0. Since the dot product is zero, the
direction vectors are perpendicular. Hence, the lines are perpendicular.

Question 26.
If y = (x + vx2-1) 2, then show that (x2- 1) (dy/dx) 2 = 4y 2

[2 Marks]
Answer: Giveny = (x + V(x2 - 1))? first find dy/dx. Let u = x + V(x2- 1), so0y = U2
Differentiating, dy/dx = 2u * du/dx. Now, dufdx =1+ (1/ (2v(x2-1))) *2x=1+x [ v(x2 - 1).
Simplify dufdx to (x + V(x2 - 1)) / v(x2 - 1). Thus, dy/dx = 2u * (u [ v(x2 - 1)) = (2u?) [ V(x2 - 1).
Since u? =y, dy/dx = (2y) / V(x2 - 1). Squaring both sides, (dy/dx)? = (4y?) [ (x2 - 1). Multiply
both sides by (x2 - 1) to get (x> - 1)(dy/dx)? = 4y? which is the required result.

Question 27.
Show that the function f(x) =16 sin x/4+cos x -x is strictly decreasing in (11/2, r).

[2 Marks]
Answer: To prove that the function f(x) = 4 sin x + cos x - x is strictly decreasing in (1/2, 1),
we find its derivative f(x). Calculating the derivative, we get f(x) = 4 cos x - sin x - 1. In the
interval (r/2, ), cos x is negative, sin x is positive, so 4 cos x is negative and -sin x is
negative. Therefore, the sum 4 cos x - sin x - 1is negative. Since the derivative is negative
in (/2, m), the function f(x) is strictly decreasing there.

Section D



Question 28.
Evaluate :

[3 Marks]

Answer:
To evaluate the given expressions step by step:
(i) Evaluate 8! (8 factorial): 81 =8x7x 6 x5 x 4 x 3 x 2 x | = 40320.

(i) Evaluate 41 - 31: 41=4x3x2x1=24and 3! =3 x 2 x 1 = 6. Therefore, 41 - 31 =24 -6 =
18.

These evaluations use the factorial concept, which is the product of all positive integers up
to a given number.

Question 29.
Find:
N[Vx (Vx+1) (Vx+2) dx

[3 Marks]
Answer:

To solve the integral [ [1/ (Vx (vx + 1)(Vx + 2))] dx, let's first simplify the expression. Let t =
VX, so X = t> and dx = 2t dt.

Substituting x and dx in the integral, we get: [ [1/ (t (t+1)(t +2))] *dx = [1/ (t (t+1)(t +
2))] *2tdt=J2/[(t+1)(t+2)] dt.

Now the integral becomes [ 2 [ [(t +1)(t + 2)] dt. We can use partial fraction
decomposition:

2[[(t+D)(t+2)]=A/(t+1)+B/ (t+2)

Multiply both sides by (t +1)(t +2): 2 = A(t + 2) + B(t + 1)
Sett=-1:2=A0) +B(0) =>A=2

Sett=-2:2=A(0) +B(-1) =>B=-2

So, the integral becomes [ [2 [/ (t+1) -2/ (t+2)]dt=2[1/(t+1)dt-2[1/ (t+2) dt.
Integrating, we get: 2 Injt + 1| - 2Injt + 2| + C=21In| (t +1) [ (t +2) | + C.

Finally, substitute back t = Vx:



[/ [vx(Vx+1D)(Vx+2)]dx=21In| (Vx+1) [ (Vx +2) | + C.

Question 30.

Find the particular solution of the differential equation dy/dx +sec? x .y =tan x. sec? x given
that y(0) = 0.

[3 Marks]
Answer:

The given differential equation is dy/dx + sec? x -y = tan x - sec? x. This is a linear first-order
differential equation of the form dy/dx + P(x) y = Q(x), where P(x) = sec? x and Q(x) = tan x
 Sec? X.

Step 1: Find the integrating factor (IF), which is e to the power of the integral of P(x) dx. So, IF
= eA([sec? x dx) = eA(tan x).

Step 2: Multiply both sides of the differential equation by the integrating factor eA(tan x):
eA(tan x) dy/dx + eA(tan x) sec?x -y = eA(tan x) tan x - sec? x.

This simplifies to d/dx [y - eA(tan x)] = eA(tan x) tan x - sec? x.

Step 3: Integrate both sides with respect to x:

y - eA(tan x) = [ eA(tan x) tan x - sec? x dx + C.

Let t = tan x, then dt/dx = sec? x, so dt = sec? x dx. Substituting, the integral becomes [ eAt -
t dt.

Step 4: To integrate [ t eAt dt, use integration by parts:

Letu =t=du=dt, and dv = eAt dt = v = eAt.

Then [teAtdt=teAt- [eAtdt=teAt-eAt+C=eAt(t-1)+C.
Step b: Substitute back t = tan x:

y - eA(tan x) = eA(tan x) (tanx - 1) + C.

Step 6: Divide both sides by eA(tan x) to solve for y:

y =tanx - 1+ C eA(-tan x).

Step 7: Apply the initial condition y(0) = O:
tan(0) -1+ CeA(-tan0)=0=0-1+C-1=0=C =1.

Therefore, the particular solution is y = tan x - 1 + eA(-tan x).



Question 31.
Solve the differential equation given by
x dy -y dx - Vx 2+ y2 dx=0

[3 Marks]
Answer: Given the differential equation x dy - y dx - v(x? + y?) dx = 0, we start by rewriting it
as x dy = (y + V(x2 + y?)) dx. Dividing both sides by dx, we get dy/dx = (y + V(x2 + y?)) [ x. To
solve this, we use substitution by setting y = v x, which implies dy/dx = v + x dv/dx.
Substituting into the equation leads to v + x dv/dx = (vx + v(x* + (vx)?)) [ x = v + V(1 + v2).
Simplifying gives x dv/dx = V(1 + v2). Separating variables, we have dv [ V(1 + v2) = dx [ x.
Integrating both sides, [ dv [V +\v2) = [ dx [ x, which gives sinh~'v = In [x| + C, where C is
the constant of integration. Re-substituting v =y [ x, we get sinh—" (y / x) = In |x| + C. This is
the general solution of the differential equation.

Question 32.

Solve graphically the linear programming problem:
Maximise z = 6x + 3y,

subject to constraints

4x +y =80,

3x + 2y <150,

X+ 5y =115,

x =0,y= 0.

[3 Marks]
Answer: To solve the given linear programming problem graphically, follow these steps: 1.
Plot the constraints on a graph. For 4x + y = 80, draw the line 4x + y = 80 and shade the
region above it. For 3x + 2y < 150, draw the line 3x + 2y = 150 and shade the region below it.
For x + By = 115, draw the line x + 5y = 115 and shade the region above it. Also, consider the
non-negative constraints x = 0 and y = 0, which means the feasible region lies in the first
quadrant. 2. Identify the feasible region where all shaded areas overlap. 3. Determine the
vertices (corner points) of the feasible region by solving the equations of the intersecting
lines. 4. Calculate the value of the objective function z = 6x + 3y at each vertex. 5. The
maximum value of zamong these vertices is the solution. This graphical method uses the
fact that the optimal solution of a linear programming problem lies at a corner point of
the feasible region.



Question 33.
The probability distribution of random variable X is given below:
(i) Find the value of k.
(i) Find P (1 <X < 3).
(iii) Find E(X), the mean of X.
[3 Marks]
Answer: (i) Finding the value of k: Since the sum of all probabilities in a distribution must be

1, we add all given probabilities including k and set the sum equal to 1. Solving for k gives
us the required value.

(ii) Finding P(1 = X < 3): This means finding the probability that X takes values 1or 2. We
add the probabilities for X = 1and X = 2 to get this.

(iii) Finding E(X), the mean of X: The mean or expected value of X is calculated by
multiplying each value of X by its corresponding probability and then adding all these
products. So, E(X) = 2 [x * P(x)]. This gives the average or expected outcome of the
random variable X.

Question 34.

A and B are independent events such that P(AnB~) =14 and P(A™nB) =16. Find P(A) and
P(B).

[3 Marks]
Answer:

Given that A and B are independent events, we know the following:
P(AnB~) = P(A) x P(B”) =1/4 and P(A"nB) = P(A") x P(B) = 1/6.

Let P(A) =xand P(B) =y. Then,P(B") =1-yand P(A7) =1-x.

From the first condition: x x (1-y) =1/4

From the second condition: (1-x) xy =1/6

We now have two equations:x - xy =1/4andy - xy = 1/6.

Subtract the second equation from the first: (x - x y) - (y - xy) = 1/4 - 1/6, which simplifies
tox-y=1/4-1/6 =112



So, x-y=1/12.

From the first equation, expressy interms of x: x-xy =1/4=x(1-y) =1/4=1-y = (1/4)/x
=y =1-(1/4x).

Substitute y into x - y = 1/12:

x-[1-0/4x)] =112=x-1+ (1/4x) =112 = x+ (1/4x) =1+1/12 = x + (1/4x) =13/12.
Multiply both sides by 4x: 4xA2 + 1= (13/12) x 4x = 4xA2 +1 = (13/3) x.
Bring all terms to one side: 4xA2 - (13/3) x +1 = 0.

Multiply entire equation by 3 to eliminate denominator: 12xA2 -13 x +3 =0.
Using quadratic formula: x = [13 + V(169 -144)] [ (2x12) = [13 + 5] /24.
So,x can be (13 +5)/24 =18/24 = 3/4 or (13-5)/24 = 8/24 =1/3.
Forx=3/4,y=1- (1/(4 x 3/4))=1- (1/3)=2/3.

For x=1/3,y=1- (1/(4 x1/3))=1- (1/(4/3))=1- (3/4)=1/4.

Thus, possible values are (P(A), P(B)) = (3/4, 2/3) or (1/3,1/4).

Both pairs satisfy the given conditions.

Question 35.

Evaluate :

[1 Marks]

Answer:

Answer:
Let us evaluate the given expressions step by step using suitable methods.

(i) For the expression ((1/3)71- (1/4) ™)™

-(1/3)1'=3
-(1/4)=4
Thus, (3-4) = -1
Now, (-1)7! = -1

(i) For the expression (5/8)77 x (8/5)™%:



- (5/8)77 = (8/5)’
- (8/5)™* = (5/8)*
Multiplying these gives (8/5)7 x (5/8)4 = (8/5)(7 - 4) = (8/5)3

Therefore, the evaluated results are:
(i) =-1
(ii) = (8/5)3

Question 36.
Find:
[ 1/ cos (x-a) cos (x-b) dx

[3 Marks]
Answer:

To find the integral [ 1/ (cos(x - a) cos(x - b)) dx, we start by using the trigonometric
identity to express the product of cosines in a more integrable form. Note that 1/ (cos A
cos B) can be converted into expressions involving secants or converted using sum-to-
product formulas.

Using the identity: cos A cos B = (cos(A - B) + cos(A +B)) [ 2,so1/ (cosAcosB) =2/
(cos(A - B) + cos(A + B)). However, this is complicated for direct integration.

Alternatively, rewrite 1/ (cos(x - a) cos(x - b)) as sec(x - a) sec(x - b). This allows us to
express the integral as [ sec(x - a) sec(x - b) dx.

This integral can be transformed using appropriate substitution and trigonometric
identities, such as writing sec(x - b) =1/ cos(x - b) and expanding using angles.

From the provided context, integrals involving sec?x or integrals of 1/ (a2 cos?x + b? sinx)
were solved by separating and using standard formulas for sec?x and csc?x.

Therefore, the integral can be evaluated by expressing it as a combination of integrals of
the form [ sec? x [ (a2 + b? tan? x) dx, which are solvable using substitution and standard
integral forms.

Thus, the approach is to transform the integrand and use trigonometric identities and
substitution to evaluate the integral.

Section E



Question 37. A relation R is defined on a set of real numbers as R = {(x, y) : x -y is an
irrational number}. Check whether R is reflexive, symmetric and transitive or not.

[5 Marks]
Answer:

A relation R on a set is said to be reflexive if for every element x in the set, (x, x) belongs to
R. Here, R = {(x, y) : x * y is an irrational number} is defined on real numbers. For reflexivity,
consider (x, x). Then x * x = x squared. If x is a real number, x squared is either zero or
positive rational/irrational depending on x.

For example, if x = 0, then x * x = 0 which is rational, so (0, 0) is not in R. Hence, R is not
reflexive.

Next, R is symmetric if (x, y) in R implies (y, x) is in R. Since multiplication of real numbers is
commutative, x *y =y * x. Thus, if x * y is irrational, so is y * x, so (y, X) belongs to R. Hence, R
is symmetric.

Lastly, R is transitive if whenever (x, y) and (y, z) are in R, then (x, z) is also in R. Let's
consider specific values: suppose x = sqrt(2), y = 1/sqrt(2), and z = sqrt(2). Then, x*y =
sqrt(2)*1/sqrt(2) =1, which is rational, so (x, y) not in R, breaking the condition needed.
Alternatively, consider different values to test transitivity; generally, it can be shown that
the irrational product relation is not transitive. Therefore, R is not transitive.

In summary, the relation R on real numbers where the product is irrational is not reflexive,
is symmetric, but not transitive.

Question 38.

If A

[5 Marks]

Answer:

The given question presents multiple probability statements and options related to
conditional probability and set cardinality, which seem to be separated into two different
groups.

First, considering the statements related to conditional probability:
(A) P(A given B) = P(B) / P(A)

(B) P(A given B) < P(A)

(c) P(A given B) = P(A)

(D) None of the above



To clarify, the correct formula for conditional probability is P(A given B) = P(A and B)
divided by P(B), not P(B) divided by P(A). Hence, statement (A) is incorrect.

Statements (B) and (C) reflect inequalities that compare P(A given B) and P(A). Whether
P(A given B) is less than or greater than or equal to P(A) depends on the relationship
between events A and B. If B gives information that makes A less likely, then P(A given B) <
P(A). Conversely, if B increases the probability of A, then P(A given B) = P(A). Therefore,
both (B) and (C) could be true depending on the context.

Secondly, the options (A), (B), (C), (D) involving IA| relate to set cardinalities or
magnitudes and their powers: |A|, |A| squared, |A| cubed, and 3 times |Al. Without
additional context, it is unclear which applies.

In summary, conditional probability requires the formula P(A given B) = P(A and B) / P(B).
Comparisons of P(A given B) and P(A) depend on the dependence between A and B. Clear
understanding of these concepts is essential for correctly interpreting probabilities and
related expressions.

Question 39.

Solve the following system of equations by matrix method:
X+2y+3z=6,

2X—-y+tz=2,

3Xx+2y-2z=3.

[5 Marks]
Answer:

To solve the system of linear equations using the matrix method, we express the system in
the form AX = B, where A is the coefficient matrix, X is the column matrix of variables, and B
is the constants matrix.

Given the system:

X+2y+32=6
2X-y+z=2
3X+2y-2z2=3

Step 1: Write the coefficient matrix A, variable matrix X, and constants matrix B.
A=[123][2-11][3 2 -2]], x = [[x], [y], [z]], B = [[6], [2], [3]]

Step 2: Find the inverse of matrix A, denoted A, if it exists.



Step 3: Use the formula X = A~' B to find the values of x, y, and z.

Calculating A~ and then multiplying by B (through matrix multiplication), we get the
solution:

x=1y=0,z=1
Thus, the solution to the systemisx=1y=0,z=1.

Question 40.

Find the vector and the Cartesian equations of a line passing through the point (1, 2, -4)
and parallel to the line joining the points A (3, 3, -5) and B (1, 0, -11). Hence, find the
distance between the two lines.

[5 Marks]
Answer:

To find the vector and Cartesian equations of the line passing through the point (1, 2, -4)
and parallel to the line joining points A(3, 3, -5) and B(1, 0, -11), we first find the direction
vector of the line AB. The direction vector d is given by B- A= (1-3,0-3,-11 +5) = (-2, -3,
-6).

Since the required line is parallel to this, it will have the same direction vector d. The vector
equation of the line passing through point P(1, 2, -4) is:

r=1,2 -4) +t(-2,-3,-6), for any real number t.
The Cartesian equations of the line are found by equating components:
(x-10/(-2) = (y-2)/(-3) = (z + 4)/(-6)

Next, to find the distance between this line and the line AB, note that since they are
parallel, the distance d between them is the length of the perpendicular segment joining
any point on one line to the other line.

Let us take any point on the line passing through P, say P itself, and any point on AB, say
point A(3, 3, -5). Construct the vector from A to P:

AP=(1-3,2-3-4+5)=(-2-1,1)

The distance d between two parallel lines is given by the magnitude of the projection of
vector AP perpendicular to the common direction vector d.

Using the formula:

d=|AP xd|/ |d|



Calculate the cross product AP x d and then its magnitude, and divide by the magnitude
of d.

Calculating the cross product:

AP xd =ijkl

-2 -11]

|-2 -3 -6|

=i((-1)(-6) - (1)(-3)) - j((-2)(-8) - (1)(-2)) + k((-2)(-3) - (-1)(-2))
=i(6+3)-j12+2)+k(6-2)

= Qi - 14j + 4k

The magnitude of this vector is V(92 + (-14)? + 42) = V(81 + 196 + 16) = v293.
The magnitude of dis V((-2)2 + (-3)2 + (-6)2) =v(4 + 9+ 36) = V49 = 7.
Thus, the distance between the two lines is d = v293 [ 7 units.

Question 41. Find the equations of the line passing through the points A(l, 2, 3) and B(3, 5,
9). Hence, find the coordinates of the points on this line which are at a distance of 14 units
from point B.

[5 Marks]
Answer: To find the equation of the line passing through points A(1, 2, 3) and B(3, 5, 9), first
find the direction vector AB by subtracting coordinates of A from B. So, AB = (3-1,5-2,9-3)
=(2,3,6).The parametric form of the lineisthen:x =1+ 2t,y =2 + 3t,z= 3 + 6t, where tis a
parameter. Alternatively, the symmetric form is (x-1)/2 = (y-2)/3 = (z-3)/6. To find points
on this line at a distance 14 units from B, let the point be P(x, y, z) with parameter t = tO0.
Since B corresponds to t = 1 (because plugging t=1 gives coordinates of B), the vector BP
has components: (x - 3,y - 5,z - 9) = (2(t0 - 1), 3(t0 - 1), 6(t0 - 1)). The distance BP is given
by the magnitude of this vector, which is |BP| = sqrt[(2(t0-1))A2 + (3(t0-1))A2 + (6(t0-1))A2]
= [t0 - 1] * sqrt(4 + 9 + 36) = |t0 - 1| * sqrt(49) = 7 * |t0 - 1|. Setting this distance equal to 14,
weget7*[t0O-1=14,hence [t0O-1=2.S0,t0-1=2o0rt0-1=-2givingt0 =3 ort0 = -1.
Substitute these values back into the parametric equations: For t=3: x=1+2*3=7,
y=2+3*3=1l, z=3+6*3=2l. For t=-1: x=1+2*(-1)=-1, y=2+3*(-1) =-1, z=3+6*(-1)=-3. Therefore,
the coordinates are (7,11, 21) and (-1, -1, -3).

Question 42.

Find the area of the region bounded by the curves x> =y, y = x + 2 and the x-axis, using
integration.

[5 Marks]



Answer:

To find the area bounded by the curves, we first identify the region enclosed by the
parabola y = x? the straight line y = x + 2, and the x-axis (y = 0).

Step 1: Find points of intersection betweeny = x>and y = x + 2 by setting x*> = x + 2, resulting
in x> - x - 2 = 0. Solving this quadratic givesx =2 and x = -1.

Step 2: Find intersections of each curve with the x-axis (y = 0). Fory = x% y = 0 when x = 0;
fory=x+2,y=0whenx=-2

Step 3: Observe the region bounded is between x = -2 and x = 2. Over [-2, -1], the area is
bounded by the line y = x + 2 and x-axis. Over [-1, 0], the line y = x + 2 is above the
parabolay = x2. Over [0, 2], the parabola y = x? is above the liney = x + 2, but sincex+2>0
in this range, the region lies between the parabola and the x-axis.

Step 4: Calculate areas using integration:

e Area Al (from x = -2 to x = -1) = integral of (x + 2) dx
e Area A2 (from x = -1to x = 0) = integral of [(x + 2) - (x?)] dx
e Area A3 (from x = 0 to x = 2) = integral of (x?) dx

Step b5: Evaluate the integrals and sum all positive areas to get the total bounded area.

This method ensures all parts below and above the x-axis are accounted for their
absolute area contributions.




